Supplemental Figures legends
. Overall structure of NA492. Related to Figure 1A . (A) Crystal structure of NA492. Disordered LNK, the 3-helix bundle, and the α/β-domain are shown in grey dashed curve, cyan ribbons, and green ribbons, respectively. The conserved YIG motif in the pore-loop is colored in red. (B) Circular dichroism spectra showing the flexibility of a synthetic peptide pep207-242 (LNK) in various pH (top) and in conditions with increasing TFE (bottom). Figure S2 . Structure-based sequence alignment. Related to Figure 1B . Sequences of M. taiwanensis LonA (MtaLonA; UniProt ID A0A059VAZ3), E. coli LonA (EcLonA; UniProt ID P0A9M0), B. subtilis LonA (BsLonA; UniProt ID P37945), S. cerevisiae LonA (ScLonA; UniProt ID P36775), A. thaliana LonA (AtLonA; UniProt ID P93655) and human LonA (HuLonA; UniProt ID P36776) were aligned by ClustalX (Larkin et al., 2007) , adjusted manually based on the structure, and rendered using ESPript 3 (Gouet et al., 2003) . Identical residues are shaded in red. Conserved residues are colored in red and boxed in blue. Disordered N and C-terminal residues in the structure are colored in grey. The secondary structure elements are shown above the alignment. Catalytic dyad residues are marked by black triangles. Orange, green, and black asterisks indicate the pore-loop, loop-2, and inhibitor-binding residues, respectively. The blue rectangle denotes the Arg-paddle. Movie S2. ATPase cycle-induced domain movements coupled to the substrate-binding groove in two adjoining protomers. Related to Figure 6 . Interior view of the movements in the protomers A (left) and B (right), cycling between nucleotide-free (blue) and bound (gold) states. The pore-loops and loop-2s residues are in orange and green spheres, respectively. The catalytic dyad (S678-K721) and V605 of the groove, P357 and N472 of the ATPase site, and the Arg-paddle residues R536/R584 are labeled and shown as spheres. MMH8709 is shown as sticks. Nucleotide binding event is not shown in the movie.
Supplemental Experimental Procedures

Synthesis of peptidyl boronate MMH8709
The key intermediate amino boronate hydrochloride 3 was prepared as previously described, with modifications (Scheme 1) (Zhu et al., 2009 ). Dichloromethane in THF was treated with n-butyl lithium at -100 o C to form the chlorine-lithium exchange intermediate, which was reacted with pinanediol protected boronic acid 1, in the presence of anhydrous zinc chloride as catalyst, to provide monochlorosubstituted boronate 2. Treatment of 2 with lithium bis (trimethylsilyl)amide produced protected amine that underwent facile deprotection in dry ethereal HCl solution to generate the desired amino boronate 3 as the hydrochloride salt. Coupling of amino boronate 3 with N-pyrazoate-Lphenylalanine 5, which was readily prepared from L-phenylalanine and pyrazoic acid in the presence of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and HOBt afforded the dipeptidyl boronate 4, and the boronate was transesterificated with isobutylboronic to afford the desired MMH8709. Scheme 1. Synthesis of MMH8709.
